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DESCRIPTION 



FIELD EMISSION CATHODE AND FIELD EMISSION DISPLAY 
The present invention is concerned with field emission electrodes and 
with field emission displays. 

A great deal of research effort has been devoted in recent years to 
developing a display which can replace the conventional cathode ray tube 
(CRT). Shortcomings of the CRT include its weight and bulk, and also its 
requirement for relatively high input power. The CRT is also unsuited to use 
in large area displays - eg. in stadia and in small displays for laptops, watches 
etc. 

The liquid crystal display (LCD) provides an alternative which is not 
subject to some of the disadvantages of the CRT. It can be manufactured in 
flat panel format, and used both in miniature displays and in larger displays, 
eg. in wide format television sets. However, LCD displays suffer from 
disadvantages of their own, particularly with regard to display brightness. 

A promising alternative to both LCDs and CRTs is the field emission 
display (FED). FEDs offer the prospect of flat panel displays which are 
superior to LCD screens in brightness, colour rendition, response time and 
operating temperature range. 

In the FED, electrons are released from a cathode by field emission 
(rather than by thermionic emission, as in the CRT) and accelerated toward an 
anode which is maintained at a positive potential (1 kV is typical for known 
displays). The electrons impinge on phosphor pixels which are thereby caused 
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to luminesce, providing the display. To generate the field needed for release 
of electrons, a matrix of switchable row and column electrodes is provided, in 
addition to the anode, and in this way pixels can be individually addressed. 

Known FEDs utilise cathodes having on their surface an array of 
microscopic pointed elements known as Spindt tips, formed of Mo or Si. The 
tips are very sharp- having radii of the order of 20nm - thereby providing large 
local electric fields to cause field emission. This is necessary because in the 
materials of such known cathodes the work function (the energy needed to 
release an electron from the cathode) is relatively high - of the order of 5eV. 
These known cathodes are not straightforward to manufacture and suffer from 
reliability problems due to erosion of the field tips. 

An alternative approach which has been proposed is to provide a 
cathode lacking Spindt tips but formed of material having low (or even 
negative) electron affinity. Electrons may be released from such a material by 
relatively small electric fields. 

There is in almost all such field emission systems the need to 
electrically condition the film forming the cathode before low threshold 
emission is possible. Diamond like carbon (DLC) films have given high 
emission, particularly when doped with nitrogen. The latter has provided the 
lowest threshold reported. The nature of the bonding is thought to be an 
important factor with diamond-like sp 3 bonds being appropriate for producing 
the energy levels associated with a low electron affinity. 

Current understanding of the main features of the emission processes is 
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incomplete, but it is believed that the density of sp 3 bonds and the presence of 
hydrogen are important. An alternative model is based on a dual process 
which involves electron heating in the DLC conduction band due to its internal 
electric field and emission over the relatively low surface potential barrier 
(electron affinity). Nitrogen acts as a donor fostering the formation of a high 
field depletion region. 

Although DLC film cathodes have hitherto been considered the most 
promising candidate, the results have not been sufficiently impressive for 
displays based on such materials to be considered an immediate replacement 
for the CRT and LCD. 

A need therefore exists for a field emission cathode having improved 
properties, particularly for use in field emission displays. It is desirable that 
such a cathode should have low electron affinity, or perhaps negative electron 
affinity. A high density of free electrons is also desirable - a characteristic not 
usually compatible with negative electron affinity. 

In accordance with a first aspect of the present invention, there is 
provided a field emission cathode comprising polymer material. 

The polymer material forms a field emission surface. This can have 
low or negative electron affinity. 

The inventors have fortuitously (and most unexpectedly) discovered that 
polymer materials can be manufactured giving high electron emission. 
Polymer materials can be formed by known techniques into uniform cathodes, 
which may be large in area, and can be highly stable. Exclusion of oxygen is 
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considered important for the stability of the material. 

It is particularly preferred that the polymer is a conjugated polymer 
material. Conjugated polymers typically have the desired high density of free 
electrons. 

Such materials are known for other applications in electronics, which 
utilise semiconductor type properties of certain conjugated polymers. The 
usual applications proposed for conjugated polymers - eg. in light emitting 
structures, photocopiers, photodetectors and thin film transistors - do not 
require the material to have low electron affinity, and it is believed that this 
property of such materials has not hitherto been researched. The present 
inventors have found that some such polymeric materials are capable of 
producing very high steady state field emission currents with the threshold 
field needed to initiate field emission being smaller than for any other material 
so far reported. 

It is especially preferred that the polymer material is a polythiophene. 
Polyalklythiophene is currently the preferred material. 

The cathode may be flat. The polymer material may take the form of a 

thin film on a substrate. 

The polymer material is preferably spun from a liquid source or is 
evaporated in a vacuum onto a substrate, a technique which can produce a 
large area cathode. A light and economical cathode can be produced in this 
way. 

The polymer material should have a low barrier to electrons of the 



substrate on which it is formed. 

The polymer material may be doped with an electron donor material. 
The electron donor may be nitrogen (known to reduce the threshold field in 
diamond-like carbon). In fact, un-doped polymers have relatively low number 
of electrons but emit them very efficiently. This leaves a great deal of scope 
for improvement by doping. 

The polymer material may have grain boundaries serving to concentrate 
the electric field. In this way, field emission is promoted. In a preferred 
structure, the polymer material forms a film on a substrate comprising 
microcrystalline silicon. The grain boundaries at the polysilicon surface trap 
large numbers of electrons as the surface becomes more n type, and so are 
able to concentrate the field at these points, promoting increased emission from 
the polymer film. 

A polycrystalline polymer material may be used in the field emission 
cathode. Grain boundaries in such materials offset to some degree the problem 
of low electron mobility. 

In accordance* with a second aspect of the present invention, there is a 
field emission display having a cathode in accordance with the first aspect of 
the invention. 

A specific embodiment of the present invention will now be described, 
by way of example only, with reference to the accompanying drawing, which 
is a schematic cross section through a field effect display constructed in 
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accordance with the present invention. 

In the illustrated FED, the field emission cathode is a flat film 2 of 
polymer material disposed on a conducting substrate 3 maintained at low 
electrical potential. An anode 4 is provided in front of the cathode, and bears 
pixels 5 of a material which emits light when struck by energetic electrodes, to 
produce the display. The anode may consist of a light emitting phosphor on 
glass. Between the anode and the cathode is a grid 6 which can be selectively 
positively charged. The space 7 between the anode and the cathode is a 
vacuum. 

In operation, selected regions of the grid 6 are charged positively 
(relative to the cathode) producing the field necessary for field emission of 
electrons from corresponding regions of the cathode. These electrons are 
accelerated through the grid by the electric field due to the anode 4, and strike 
the anode causing it to emit light in selected regions of the screen. 

Polyalkylthiophene is considered a suitable material for the cathode. 
The inventors have carried out an experimental study of space charge limited 
currents in polythiophenes. There is substantial trapping at discrete levels, and 
the free carrier density, usually holes, is at a lower concentration than the 
density of trapped holes. For such a material to be an efficient emitter of 
electrons there must be some alignment of the conduction band with the 
substrate conductor that promotes the high injection of electrons in the film, 
swamping the very low hole concentration in the film and limiting the 
recombination. It is believed that the vacuum level is simultaneously reduced 



so that such electrons find their way very easily into the vacuum. Early 
analysis suggests that relatively low field strengths are needed at the back of 
the film to promote the injection, and field emission measurements indicate the 
presence of space charge limited current due to electrons, mainly trapped in 
acceptor-like states in the top half of the energy gap. The states themselves 
may be associated with grain boundaries. A further factor is the orientation of 
the molecules. It is known that when conduction occurs down the molecule, 
mobility might be high but for the limiting value of the conjugation length. 
For this reason highest mobilities in thin film transistors are seen normal to the 
molecular axis, in relatively short molecules that can be made to stand up from 
the surface. There is some hope on the basis of quantum mechanical 
calculations that if longer molecules could be self assembled, so that they stand 
vertically from the surface, then much higher mobilities could be attained. 

Mobility is important because all the evidence to date points to the 
emission being controlled by space charge limited current in the film which is 
linearly related to the carrier mobility. The high emission seen in polymers 
may be enhanced by the presence of microscopic irregularities. SEM pictures 
of the various polymer films that have demonstrated high stable field emission 
are largely featureless but have small ridged structures, perhaps associated with 
sites of solvent evaporation. These ridges may enhance the emission. The 
high emission that has been observed is not thought to be stimulated by field 
variations around grain boundaries at the conducting substrate. The use of a 
well controlled polycrystalline substrate, of known crystal size, at the back of 



the polymer film might well produce even more efficient field emission. It is 
well known that in polysilicon, for example, when relatively lightly doped, 
there is an intensification of the field due to the combined effect of grain 
boundary traps and the need for the conduction band to re-equilibrate itself 
with the grains over a finite distance. 



